One of the essential elements of the railway transport modernization in Poland is the implementation of modern systems of interoperable ERTMS / ETCS (European Rail Traffi c Management System / European Train Control System) fulfi lling the tasks and functions of CCS (control-command and signalling) systems. Th e investment process including the implementation of ERTMS / ETCS requires prior development of a number of documents, which include feasibility study, terms of reference, a description of the contract and many others. Th e initiation of the investment process is preceded by a series of activities including the evaluation and selection of the right target railway traffi c control system for the selected railway line. Due to the interoperability requirements, it becomes necessary to develop methods for assessment of the possible ERTMS / ETCS confi gurations and later selection of a confi guration for a railway line with predefi ned service and traffi c parameters. Th e aim of the publication is to present a concept that can be considered as the basis for methods of analysis and rail control traffi c system selection. Th e sample line, which was selected to carry out research and analysis, is a section of the selected railway line section of the railway line No. 7 due to its strategic location and traffi c load.
Introduction
Th e genesis of the ERTMS / ETCS was the striving to develop a unifi ed European rail transport system in order to achieve the expected quality and effi ciency of rail services while maintaining traffi c safety at the highest level. Th e ERTMS / ETCS is a modern system of rail traffi c command, control and signalling, which also off ers opportunities to select and adjust the version of the system for a railway line given set parameters of movement, in particular, this refers to the capacity or the consequences of trains. Th is raises the need to address the problem of selecting the ERTMS / ETCS for the specifi ed line. Th e solution should lead to the development of the concept of a standardized method for selecting the ERTMS / ETCS, according to clear criteria, taking into account all possible aspects such as the cost of installing and maintaining the system, the impact on capacity and traffi c fl ow and many others.
Brief description of the ERTMS / ETCS system
Th e functioning of the ERTMS / ETCS is a digital transmission of signals between devices installed in the track and devices installed in the rolling stock and between the rolling stock and the radio block centre (RBC). In the case of ETCS Level 1 balises teams communicate spot information to the traction vehicle on the location of the front of the train and the binding speed limit on the rail section -transmission between the railway track and the rolling stock. Th e system ERTMS / ETCS level 2 and ERTMS/ETCS level 3 ( Fig. 1 ) is used to read information from the point balises on traction unit's location and two-way transmission of GSM-R transmitting to the RBC (radio block centre) information on the location and speed of the train in the direction of RBC train -electronic orders mandating driving the speed limit on the given length of permanent way [2, 4] . Due to the diversity of the ETCS 2 and 3 subsystems' concept in relation to ETCS 1 and applied GSM-R and RBCs, these subsystems belong to the ERTMS / ETCS class. Regardless of the ETCS level, the current train speed and the distance of the train path are continuously monitored at every ERTMS/ETCS level -on the traction vehicle (ETCS 1) and on the vehicle and the center of RBC (ETCS 2 and 3). Th is allows the calculation of the current dynamic profi le at any given time train which is dependent on the speed limits resulting from the pro-fi le of the static permanent way. Th e dynamic profi le allows supervising the speed limit, and in case of the lack of driver's reaction it ensures safe braking. Possible ERTMS / ETCS confi gurations are shown in Fig. 1 .
Analyzing the diversity of ERTMS/ETCS subsystems confi gurations and the requirements of the railway line on the required capacity allowed for different speed trains, investment and operating costs, and a number of other restrictions or assumptions, it becomes essential to select properly the subsystem or ERTMS / ETCS for a given railway line.
Some problems of Ertms / ETCS implementation
However, the problem formulated in earlier chapters of choosing the ETCS system due to the traffi c assumption, would be incomplete if there were not also made the analysis of the possibility to equip traction vehicles with on-board ETCS subsystems, on the one hand the on-board ETCS "module" installed on board the locomotives and on the other hand, the implementation of permanent ETCS equipment subsystems. In practice, it is not impossible to equip at the same time all traction vehicles with ETCS subsystem whereas the modernized, and two traffi c control systems must be maintained on the modernized line during migration Th is results in the inevitable necessity of simultaneous operation of existing control systems, along with a target ETCS on-board and / or in the terrain-area part of ETCS subsystem. Th e modernization, upgrade or extension of the line should not limit the movement of traction units equipped only with ETCS on a given line. Limiting line access to trains fi tted with ETCS is considered economically unacceptable. Factors that must be taken into account during the ETCS subsystem selection and implementation can be determined as follows:
 the cost / benefi t analysis resulting from the ETCS implementation , in the transition period, may be unfavorable and the importance of interoperability will not be eff ective,  the optimal strategy provides that the modernization or upgrade project of the railway line should take into consideration the ETCS development and installation of the ETCS subsystem in traction vehicles,  striving to achieve a coherent network of selected lines equipped with ETCS, e.g. interoperable international corridors and equipping suffi cient number of traction vehicles with the ETCS system will allow reducing costs of control systems' migration [7] .
Selection criteria for ERTMS / ETCS Solutions
Th e currently adopted on the railways guidelines for improving the safety and effi ciency of train traffi c control, having a signifi cant impact on the tasks and operating parameters, assume the replacement of existing control equipment into ETCS subsystem or ERTMS system. However, due to the cost of invest- Fig. 1 . Subsystems ERTMS / ETCS; Source: Own elaboration based on [1, 3, 7] ment and the volume of transport work it is not justifi ed to implement these systems on all railway lines. Th e Impact Analyses of ETCS on the process of train control effi ciency (led by UIC -International Union of Railways) [15] showed clearly that the implementation of ETCS, especially ETCS level 1 and level 2, does not signifi cantly improve the capacity of the railway line (in the case of ETCS level 1 confi guration without infi ll it even lowers the railway line capacity). Analyzing the above systems' properties a question can be raised: how to develop a method on the basis of various information, parameters and assessment to select accurately ERTMS / ETCS confi gurations for a specific railway line taking into consideration the indicated assumptions.
It seems that the desire to develop a method of selection, taking into account many factors can lead to clear conclusions concerning the selection. Nevertheless, the indication would require conducting tests because it may turn out that there are factors of apparent infl uence on the choice of the system and these factors can been omitted for the purpose of analysis. However, notwithstanding the above conclusion, the multiple-criteria analysis method is proposed as it allows indicating a proper ETCS / ERTMS system before the investment process begins. Multi-criteria analysis could be based on qualitative and analytical conclusions including such factors as: 1) technical and traffi c characteristics, as well as operating conditions of the line on which the system installation is intended, 2) ERTMS / ETCS properties, 3) the rules for the implementation of the investment process, 4) the analysis of the development costs and the potential costs of maintaining the ERTMS / ETCS system, 5) of the assessment of risk analysis of the investment and safety; Regulations No. 402/2013 [11] .
Th ese factors should be correlated with the objectives of the multi-criteria assessment ( Table 1) . Th e conclusions resulting from this analysis will be a priority while choosing an ERTMS / ETCS confi guration. Source: Own elaboration basic on [8] 
Concept of assessment and selection method of ERTMS / ETCS solutions on the selected line
Th e analysis of multi-criteria selection of ETCS and ERTMS / ETCS system is a series of further actions arising from the adopted method. Th is method refers to the identifi cation of targets and determining the criteria for measuring the degree of achievement of these objectives. Aft er defi ning the objectives, criteria and determining their signifi cance there are determined evaluations of individual variants of the infrastructure investments advancement with regard to the criteria identifi ed in the individual targets. Th e goal is to be able to measure specifi ed quality assessment criteria of confi gurations.
Another important issue in assessing particular variants due to the adopted criteria is to normalize variants ratings [6] . Th e variant evaluation set for each criterion may be expressed in diff erent units and may involve both maximized criteria (the greatest value is the best) and minimized ones (the lowest value is the most advantageous). Th e aim of standardization is to meet the comparability requirements. Having conducted the assessment of particular variants, relying on the so-called point method, aggregate indicators can be determined for the assessment of particular upgrade or repair variants or other investment tasks on the analyzed railway line.
In order to calculate the indicators of individual goals the products of the weights of criteria with assigned weights for each variant are summed up. In order to calculate the fi nal indicators, which will allow determining which option is the most benefi cial, the products of the weights of each of the goals of the indicator, which has been obtained for each goal, should be summed up. Th e variant, which reached the highest indicator (the closest value of 1) is most preferred [5, 6] . Th e advantage of this method is its clarity and explicitness. Railway line No. 7 was selected as the object of an exemplary multi-criteria analysis. Factors such as intuition and expertise are also signifi cant in this method, as they allow determining the importance of the specifi c goals and criteria. Further steps are carried out according to a precise calculation procedure. Th e proposed method of multi-criteria analysis can be a basis or a guideline to select the variant of the investment project. In order to perform a multi-criteria assessment according to the proposed method, three main objectives were identifi ed, which, together with their determined weights are listed in Table 1 . Aft er determining the goals, criteria and their significance, the assessments of the investment accomplish-ment were established for diff erent variants of a train control system for the railway line under consideration depending on determined criteria. Values of criteria weights were selected on the basis of the analysis of information concerning the properties of the ETCS and ERTMS / ETCS systems types, which could be considered as objects of investment, to be built on the railway line under consideration. One of possible tools to determine the assessment criteria values is the SWOT (Strengths, Weaknesses, Opportunities and Th reats) analysis referring to the specifi cations of the strengths and weaknesses of the investment as well as opportunities and threats related to the built-in ETCS system on the line depending on the level of the installed system. Variants of train control system possible to be built on the line under consideration are determined as follows:
 Variant 1 -ETCS system (level 1) without infi ll of the information on the permitted speed indicated on the semaphore, to which a train is approaching on a block apart,  Variant 2 -ETCS system (level 1) with preceded update of information about the permitted speed on a semaphore, to which a train is approaching,  Variant 3 -the system ERTM / ETCS Level 2 with built-existing traffi c lights.
SWOT analysis [8] was conducted for the variants. Th is analysis can be used as a complement to multi-criteria analysis [12] . In [8] , the assessment of the cost of installing systems selected for the possible construction of the railway line was carried out. In the railway industry, the RAMS method is also oft en used for risk assessment [13, 14] but this method is not included in the study.
Th e results of multi-criteria analysis were presented in Tables 3, 4 and 5, which in respect of the proposed variants, represent respectively the multi- Table 4 Th e values of standardized variants assessment according to the criteria and objectives of the modernization of the railway line criteria assessments values, standardized assessments values and the results of the of multi-criteria evaluation of modernization. Based on the results presented in tables 3 and 4, table No. 5 was prepared. Th is approach is well illustrated by the example of the analysis of CCS system selection. More information on the analysis of the selection has been presented in [8] . Th e results of the analysis unquestionably show that the preferred option is Option 2, that is the modernization of incorporating the installation of ERTMS / ETCS Level 1 confi guration without infi ll. Th e selected system does not reduce the capacity and the costs of installation are not the greatest (Tab. 4). In order to compare the results, Table No . 6 was presented, which contains the approximate comparative performance data of lines that support the selection of the control system variant. Th e example illustrating the method of multi-criteria analysis does not exhaust the problem of the method of the control system selection. Th e development of a full standardized method should also take into account other issues such as the method for evaluating investment risk, line capacity, the selection of the length of the block spacing depending on the specifi cs of the anticipated traffi c and others. Th e preliminary assessment of investment risk carried out in [9] also indicates the selection of ETCS Level 1 confi guration without infi ll.
Conclusions
Th e search for standardized methods for the selection of solutions for rail transport includes not only the issues of selection and evaluation of CCS (controlcommand and signalling) systems to adapt to the Polish conditions, but to develop integrated multi-problem-oriented IT environments [9] . Th e qualitative methods such as the SWOT analysis or the matrix of risks may be a complement to the presented multi-criteria assessment method. Th e modernization process starting from the tender documentation to obtaining EC certifi cates and placing into service is a complex process and the use of objectifi ed methods standardizing accurate solutions supporting investment will be important to reduce the time of new control systems and automation implementation in railway transport.
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